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1. 

This invention relates to improved means for 
determining electrical resistance values, and 
more particularly to resistance thermometers and 
the like, wherein it is required that the resistance 
of one portion of an electrical network, varying 
with temperature or some other magnitude to be 
measured, be effective to produce changes at 
another point in the network, whereby its value 
may be determined independently of the Walue, or 
of variations in the resistance of an intervening 
portion of said network. While the principles of 
my invention are generally applicable to any de 
vice wherein measurement of a variable is based 
upon changes in the value of an electrical re 
sistor, it will here be particularly described in its 
adaptation to the electrical resistance ther 
mometer, wherein a resistance element, or 
“bulb, comprised of metal or other material 
having predetermined temperature/resistance 
characteristics is exposed to a temperature to be 
measured, and is coordinated with means 
whereby its resistance value may be more or 
less continuously determined, and expressed in 
terms of temperature units. 
In the conventional methods of determining 

electrical resistance, that portion of the network 
whose resistance value is under measurement is 

O 

2 
For example, in such an installation as a large 
building, wherein it is desired that the temper 
atures at a considerable number of stations 
throughout the structure be successively meas 
ured by an instrument located at a central point, 
it becomes essential that each of the temper 
ature-Sensitive units be connected to the instru 
ment by a cable of at least three conductors, with 
the result that the cost of the interconnecting 
lines may easily become the predominating part 
of that of the whole installation. 
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defined by two terminals; and, as will be apparent - 
to those versed in the art, in order that the 
measurement of this portion be truly performed, 
without possible error due to inclusion of con 
necting leads, it becomes necessary, whether use 
is made of the “fall-of-potential' method, Or of 
some one of the several forms of bridges, that 
connection between these terminals and the re 
mainder of the network include not two, but 
three or more conductors. In any installation 
where the distance between the resistance ele 
ment under measurement and the instrument 
incorporating the measuring network is Such as 
to involve an interconnection of apprecible re 
sistance value, this requirement is recognized; 
and, in its relation to resistance thermometers, it 
is fully discussed in U. S. Bureau of Standards 
Bulletin No. 170 (1921), pages 129-133. 

It is a well-known fact that in the installation 
of electrical apparatus requiring circuits for 
interconnecting separated locations the two-wire 
circuit has much to recommend it over circuits 
requiring a greater number of conductors. The 
need for a circuit having three or more separate 
conductors to connect a resistance element to the 
indicating, recording, or controlling instrument 
with which it is operatively associated imposes 
a severe limitation on the use of the method. 
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It is an object of the present invention to pro 
Wide a measuring System of the resistance 
thernometer class Wherein connection between 
the Sensitive elements and the exhibiting in 
strument may be completed through a circuit 
comprising only tWO Conductors. 

It is a further object to provide a system of 
the above nature wherein determination of the 
resistance value of the sensitive element shall be 
unaffected by Wide changes in characteristics 
of the interconnecting line. 

It is a further object to provide a System of 
the above nature Wherein the accuracy of 
measurement shall be unaffected by parasitic 
potentials induced in the interconnecting leads. 

It is a further object to provide a System of the 
above nature readily adaptable to selective meas 
urement of temperatures at a plurality of points, 
and in which a ground or common connection 
may be substituted for one of the two wires in 
each two-conductor interconnecting circuit. 

In carrying out the purposes of the invention, 
it is proposed to utilize alternating-current 
energization in an electrical network including a 
variable resistance Whose value is a function of 
the magnitude to be measured. By means of 
suitably placed rectifying elements, the current 
is so divided that, while half-Waves, or impulses, 
of a rectified component of said alternating cur 
rent flow in those portions of the network whose 
resistance values are involved in the measure 
ment or incidental computation, both compo 
nents, comprising a true alternating current, 
flow jointly in those parts of the network which 
serve solely for purposes of interconnection, and 
whose resistances are of no significance in the 
desired measurement. By thus segregating the 
rectified and the un-rectified currents in different 
portions of the circuit, I have found it possible 
to obtain an ultinate and quantitative response 
Subject to changes only in those parts of the 
circuit carrying rectified current, and un 
affected by changes in other parts of the circuit, 

In the drawings: 
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Figure 1 is a diagrammatic representation of 
a measuring network embodying the principles 
of the invention. - 

Figure 2 illustrates an alternative to certain 
features illustrated in Figure i. 

Figure 3 shows an application of the principles 
of the invention to selective measurement of a 
plurality of resistances, or quantities represented 
thereby. 

. In the particular form of the invention as illus 
trated in Figure 1, a temperature-Sensitive re 
sistor is formed of a Wire having a knoWin 
temperature coefficient of resistivity, or Some One 
of those semi-conducting ceramic materials 
known as “thermistors.' Such a resistor f ( forms 
part of a closed loop comprising two similar ree 
tifying elements and 2 connected to have 
similar polarity about the loop. A second loop 
is formed of a fixed resistor 3 having a value - 
equal to the nominal value of the resistor a (i.e. 
a Value which it nay attain in its Working raiage 

s and which may be considered as a standard of 
reference), a slide-wire 4, and a second pair of . 
rectifying elements 5 and 6 arranged to have 
similar polarity about the loop. The slide-Wire 
i4 is adjustably divided into two portions by 
means, of a sliding or translatable contact men 
ber - engaging the slide-wire, the purpose of 
said sliding contact member being to change the 
resistance of that portion of the loop which in 
cludes the rectifier 8 with respect to that portion 
of the loop which includes the rectifier 5, said 
slide-Wire thereby comprising a voltage dividing 
resistor Said sliding contact member having its 
translated position indicated by an attached 
pointer cooperating with a stationary graduated 
scale 8. 
One side of a source of alternating current, 

as for example the secondary winding of a trans 
former 9, is connected by a conductor 28 to 
the junction point between the rectifiers if and 
2, and the other side of Said source by means of 

a conductor 2 to the junction point between the 
rectifiers 5 and 16. The junction point between 
the rectifier 2 and the resistor is connected 
to the sliding contact member 7 by means of a 
conductor 22 having in series, therewith a gal 
vanometer 23, or equivalent detector of unidirec 
tional current. Since, as will presently be made 
clear, the current in the conductor 22 may have 
both unidirectional and alternating components, 
and Since the galvanometer is required to be 
responsive to the former only, it is expedient that 
there. be provided a filter system, as for example 
an inductive-element 25 in series with the galva 
nometer, a capacitor 28 in parallel with the galva 
nometer, and a further capacitor 27 in parallel 
with said combination of galvanometer, induct 
ance and capacitor 26. 
Operation of the apparatus as thus far set 

forth may be explained as follows: Upon an 
alternating potential being impressed from the 
terminals of the transformer secondary winding 
upon the circuit connected thereto, alternating 
current will tend to flow therein, and, because of 
the rectifiers in the two loops, will divide there 
through according to the polarities of said recti 
fiers. Thus, in the loop formed by the resistor 
fo and the rectifiers and f2, with the polarities 
of the latter arranged as indicated, “positive' 
half-waves or impulses of current from the con 
ductor 20 will flow through the rectifier 2 to the 
conductor 22, while the “negative' pulses will flow 
through the rectifier in series with the variable 
resistor O to the conductor 22, Thus, the loop 
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4. 
forms a divided circuit, of which the respective 
branches are traversed by the respective opposed 
half-waves of the current flowing between the 
conductors 2G and 22. In a similar manner alter 
nating current flowing between the conductors 22 
and 2 Will divide in the two branches formed 
by the loop containing the resistor 3, the slide 
wire f4 and the rectifiers f5 and 6, the “positive' 
pulses passing through the left-hand portion of 
the slide-wire: 4 (as seen in Figure 1. and as 
determined by the position of the contact ), 
the fixed resistor 3 and the rectifier 6, while - 
the "negative' pulses Will pass through the re 
maining portion of the slide-wire 4 and the 
rectifier 5. 

Ehus, considering the Whole circuit, the “posi 
tive' current pulses will pass through a path in 
cluding the conductor 20, the rectifier i2, the 
conductor 22, the movable contact member 7, 
the left-hand portion (as seen in the diagram) 
of the slide-Wire 4, the fixed resistor 3, the 
rectifier 6 and the conductor 25. Similarly the 
"negative' pulses will pass through a path in 
cluding the conductor 20, the rectifier if, the 
variable resistor. 40, the conductor 22, the mov 
able contact , the right-hand portion of the 
slide-Wire 4, the rectifier 5, and the conductor 
2i. Therefore, while.the respective branches into 
Which each of the, two loops, is divided by means 
of the included rectifiers. , carry unidirectional 
current, the conductors 20, 2 and 22 carry both 
halves of the Waves, comprising an alternating 
current; and, if the total resistance, of one of said - 
paths be equal to that of the other, the ampli 
tudes of the pulses, or half-waves, of opposite 
polarity will be equal, and the current flowing 
in the common conductors. 2, 2 and 22. will be 
pure alternating current devoid of any unidirec 
tional component. This condition will attain, for 
example, when the resistor , plus the right-hand 
portion of the slide-wire 4 (as determined by the 
position of the movable contact 7) is at a value 
equal to that of the combined values of fixed 
resistor f3, and the left-hand portion of the slide 
wire 4. . - 
The filter circuit comprising the capacitors. 26. 

and 2 and the inductance 25, connected as set, 
forth Will serve to protect the galvanometer 23 
from alternating-current effects. The induct 
ance 25 will offer to the alternating current 
flowing in the conductor 22, a high-impedance 
in comparison with the capacitance 27, and 
the capacitor 26. will act as a short circuit fol: 
any residual alternating electromotive force 
which may be impressed upon the terminals of 
the galvanometer. 23, so that, if these reactive 
circuit elements be suitably selected, the alternat 
ing component of current passing in the galva 
nometer winding may be reduced to, negligible 
magnitude. . 

It may now be assumed that the resistance of 
the element to has been increased by a certain 
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increment, due, for example, to a change in the 
temperature to which it is exposed. This will 
effect a decrease in the amplitude of the “nega 
tive” half-waves or impulses flowing through the 
circuit branch which includes said resistance 
element. and the rectifier. , while at the same 
time the amplitude of the “positive half-wayes 
flowing through the rectifier 2 will be unaffected, 
Thus, the two halves of the alternating current 
fioWing in the conductors, 29, 2 and 22 will no 
longer be balanced, or, in other words, the cur 
rent in Said conductors will have a direct-current 
component. Since: the capacitors: 2S and 27 form 
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a barrier to the flow of direct current, which, 
however, may pass freely through the inductance 
25, said current will flow in the winding of the 
galvanometer 23, causing the same to respond in 
intensity, and direction depending upon the mag 
nitude and polarity of the unidirectional current 
flow. 

Since the inequality of the respective half 
waves of the current flowing in the circuit is 
due to a difference in the total resistances of 
the paths traversed by the pulses of different 
polarities, it follows that a balance may be re 
stored by any means which will again make the 
resistances of these paths equal in value. As 
previously pointed out, in reference to the par 
ticular form of the invention as illustrated in 
Figure 1, the current component of one polarity 
traverses the resistor to and the right-hand por 
tion of the slide-wire 4, and that of the opposite 
polarity traverses the resistor 3 and the left 
hand portion of the slide-Wire 4, and since the 
unbalanced condition is due to an increase in 
the resistance of the former path, it follows that 
the balance may be restored by moving the Slid 
ing contact 7 to the right, thereby decreasing 
the resistance to the current component which 
traverses the resistance O and simultaneously 
increasing the resistance to the current compo 
nent which traverses the resistance 3. AS 
the resistances of the two paths approach 
equality, the opposed half-waves of current will 
similarly approach a common amplitude, which 
condition Will be concomitant With a reduction, 
eventually to zero, of the unidirectional com 
ponent of current in the conductor 22, as indi 
cated by the deflection of the galvanometer 23. 
In a similar manner, should the resistance of the 
element to be subject to decrease, a compensating 
change may be made by moving the sliding cons 
tact element toward the left, balance being 
detected as before by a reduction of the gal 
vanometer deflection to zero, whereon the change 
in the position of the sliding contact T will be a 
measure of the resistance value of the unit 9. 
Thus, any change in the resistance of the Sensi 
tive element 0, as represented by a deflection of 
the galvanometer 23, may be compenSated for 
by adjusting the position of the sliding contact 
f until the deflection is reduced to zero, where 
upon the new position of the sliding contact 7, 
as indicated on the scale 8, will represent the 
new resistance value, and hence the tempera 
ture (or other variable) to which the resistance 
of the element 0 is responsive. 
Adjustment of the sliding contact 7 to estab 

iish or restore a balanced condition in the net 
work has been assumed to be manually effected, 
in response to an observed deflection of the gal 
vanometer 23; but, to those versed in the art, it 
Will be obvious to Substitute any one of the many 
well-known self-balancing instruments, such, for 
example, as that fully set forth and claimed in 
U. S. Letters-Fatent No. 2,022,097 granted to me 
November 26, 1935 (and for Which no invention 
is herein claimed), for the purpose of automati 
cally performing such adjustment and providing 
a continuous indication or record of the measured 
magnitude. 
Since the principle of the invention, as set 

forth, is based upon establishing equality be 
tween the resistance of the path traversed by a 
first pulsating current passing through the recti 
fiers and 5 in Series, which path includes the 
variable resistor O and the resistance of the path 
traversed by a second pulsating current passing 
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through the rectifiers 2 and 6 in series, which 
path includes the fixed resistor f3, it follows that 
the location of each of these resistors in its 
respective unidirectional current path is...im 
material. Thus, should it be desired, the resistor 
3 may be transferred, as shown in Figure 2, 
from that leg of the loop which includes the 
rectifier 6 to that leg of the other loop which 
includes the rectifier 2, in which case the char 
acteristics, performance and adjustment of the 
circuit Will be identical with those hereinbefore 
set forth. In general, however, since it is com 
monly desirable to maintain at a minimum the 
amount of apparatus to be located in proximity 
to the sensitive resistance element, the arrange 
ment shown in Figure 1 is to be preferred over 
that shown in Figure 2. 

It will be obvious that, since any change in the 
resistance of the conductors 20, 2 and 22, or 
of the current path through the transformer 
Secondary 9, will affect equally the pulses of 
both polarities comprising the alternating cur 
rent, and will have no influence toward introduc 
ing or eliminating a unidirectional component 
in those conductors, or in the galvanometer 23, 
such changes will have no effect upon the meaS 
urement of the variable resistance, and will in 
troduce no error. Actual tests have shown that 
the resistance of the interconnecting lines 20 
and 22 may be varied through a resistance range 
corresponding to many times the nominal re 
sistance of the variable resistance O without in 
troducing an error in its measurement, or having 
any effect beyond a slight variation in the sensi 
tivity of measurement, For similar reaSons, 
neither variation in the Supply voltage at the 
transformer 9, nor alternating voltages intro 
duced at any point in the conductors 20, 21 and 
22 will have any effect on the accuracy of the 
System. The fact that the accuracy of measure 
ment is unaffected by changes in the resistance 
of the interconnecting line renders the System 
particularly advantageous in its application to 
multiple-point measurement or where it is desired 
to determine interchangeably the resistance of 
a plurality of sensitive elements. The network 
as described therefore removes the usual objec 
tions to the otherwise necessary precautions in 
maintaining the contact resistance of the trans 
fer switch at a low value, and makes it unneces 
sary to compensate for different resistance values 
of different connecting lines, or for variations 
in Such values due to changes in ambient ten 
perature, etc. 
The characteristics of insensitivity to changes 

in lead resistance and to alternating voltage in 
troduced into the leads by induction or conduc 
tion, renders the System particularly well Suited 
to determination of temperatures by a multiple 
point installation of the type having a common 
ground return, and requiring only a single con 
ductor to each of the temperature-sensitive re 
sistance bulbS employed. Such an installation 
is shown in Figure 3, wherein, by means of a dial 
switch 30, connection of the measuring circuit 
may be made at will to any one of the plurality 
of temperature Sensitive resistance elements (), 
20, 30, etc. Connection of the resistor C into 
a loop with rectifiers i? and 2, is made in the 
same manner as that of the resistance element 

with rectifiers and t2 in Figure 1. A con 
ductor f 20 is connected from the point between 
the rectifiers and 2 to one contact point 
of the dial-switch 30, the common contact of said 
SWitch being connected to the conductor 20 cor 
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responding exactly with the similarly designated 
conductor in Figure it. The point between the 
resistance element. If f O. and the rectifier if 2 is 
eonnected to ground, and the conductor 22 of the 
measuring circuit is also grounded. In a similar 
manner the temperature sensitive resistor 2.0 is 
included in a loop with rectifiers 2 and 2 f2, the . 
point between said rectifiers being connected by 
a conductor 220 to a further point of the Switch 

- 30, and the point between the resistance elenent 
2E and the rectifier 22 being grounded. ... Eiker 
wise, the element 30 is interconnected with rec 
tifiers 3 if and 32, in a loop connected to ground, 
and by a conductor 320 to a further point in the 
dial-switch 30. The fixed resistor f3, the ad 
justable resistor f4, the rectifiers: 5. and 6 and 
the movable contact 7 are interconnected in a 
mannier identical to that shown in Figure 1, and, 
with the graduated scale, 8 and the dial-SWitch 
30, are incorporated in an instrument 3. The 
instrument 3 includes also the galvanometer 23 
and its associated filter circuit, thus providing 
an integral unit whereon may be measured the 
value of whichever of the variable resistors O, 
20, 3 to etc. may be connected into the meas 
suring circuit by the dial-switch 36. - 
... I claim: . - 

. . Apparatus for measuring the resistance of 
an electric circuit element in relation to a circuit 
element of known resistance, comprising a divid 
ed circuit having one of said eleinents in each. Qf 
its branches, rectifying means in each of Said 
branches whereby to permit the flow of alternat 
ing current half-waves of one polarity through 
one of said branches, and alternating. Current 
half-waves of the opposite polarity through the 
ether branch, means for effecting adjustinent of 
the relative ainplitudes of the rectified currents 
in said branches, a circuit including in series said 
divided circuit, a source of alternating currentin 
said circuit, means for detecting a ultidirectional 
component in the circuit and aeanS for deter 
mining the extent of Said adjustment to reduce 
the unidirectional component to zero. 

2. In an electric System for measuring the de 
parture of a variable resistanee from a nominal 
value, a fixed resistance of value corresponding 
to said nominal value, a voltage dividing resist 
ance of value corresponding to said departure, 
a two-conductor circuit extending from the lo 
cation of Said variable. resistance to that of Said 
dividing resistance, said circuit including at Said 
first location a devided section of which one 
branch contains said variable resistance. and a 
rectifier in Series. and the other branch contains 
a rectifier, said rectifiers being. So disposed that 
alternating half-Waves of one polarity will traw 
erse: Said variable resistor and half-waves of the 
opposite polarity. will by-pass the same, and said 
circuit, including at said: Second location a fur 
ther divided section of which one branch contains 
Said fixed resistance, a portion of said voltage 
dividing resistance, and, a rectifier, and the other 
branch contains a further rectifier and the re 
mainder of Said voltage; dividing resistance, said 
rectifiers being disposed similarly to those-in said 
first-named divided. Section, a source of alter 
nating current for energizing the circuit, means 
for detecting a unidirectional, current in the cir 
cuit, resulting from variations in the value of the 
variable resistance, and means; for measurably 
proportioning the voltage dividing resistance to 
reduce the unidirectional current to zero. 
;3. In an electric network for measuring the 

departure of a variable resistance element.from 
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a nominal valtie, a loop. containing said resist 
ance, element in series with a pair of rectifiers 
of similar polarity about the loop and having a 
tap therebetween, a second loop comprising in 
Series a fixed resistor of value equal to the non 
inal value of said variable resistance element, a 
resistor having a total value corresponding to the 
departure to be measured and provided with a 
novable contact adjustable therealong. through 
the range of said value with means to determine 
the magnitude of said adjustment, and a second 
pair of rectifiers of similar polarity about said 
Second loop, and having a tap therebetween, a 
Source of alternating current for energizing the 
network and connected between said tap of the 
first loop and the tap of the second loop, a de 
tector of unidirectional current connected be 
tween the two loops from a point between the 
variable resistance and one of the rectifiers of the 
first loop to the adjustable contact of the second 
loop, and filtering lineans for by-passing alternat 
ing current around the detector. . 

4. En combination, a variable resistance, a first 
loop, including the same and a pair of rectifying 
elements of similar polarity about the loop, a 
fixed resistance, a voltage dividing resistance 
having an adjustable contact, a second loop in 
cluding in series: said fixed and voltage dividing 
resistances and a second pair of rectifying ele 
mentS. of Similar polarity about the second loop, 
a. Source of alternating current connected from 
a point between the two rectifiers of the first 
loop to a point between the two rectifiers of the 
second loop, an electric connection from the ad 
justable contact. of the voltage dividing resist 
ance to a point between the variable resistance 
and one of the rectifiers of the first loop, with 
means...in said connection for detecting unidirec 
tional components of the current flowing therein. 

5. In a resistance thermometer, a temperature 
Serasitive resistance. element, a closed loop...in 
cluding Said element, in series with a pair of rec 
tifying elements of similar polarity about the 
loop, a Second closed loop-comprising a fixed 
resistance element of value corresponding to the 
value of Said sensitive element at a predetermined 
temperature, a voltage dividing resistance ele 
ment of value corresponding to the deviation of 
said sensitive element within its working range, . 
a Second pair of rectifying elements of similar 
polarity about said second loop, a contact slid 
ably mounted on the voltage dividing resistance, 
an electrical connection from the slidably mount 
ed contact to a point between the temperature 
SeaSitive. resistance: element and one of the rec 
tifying elements of the first loop, means in said 
connection, for detecting unidirectional current 
flowing therein, a. Source of alternating currents 
connected from a point between the two.rectify 
ing elements of the first loop.to, a point.between 
the two rectifying elements of the second loop, 
and measurable means for changing the position 
of the contact along the length of the voltage 
dividing resistance to eliminate any unidirection 
all current created by changes in the temperature 
Sensitive resistance and visualized by the detect 
ing means. - 

6. In a device of the class described, the con 
bination. With a circuit which includes: two 
branches one of which contains a variable re 
sistance and a rectifier in series there with for 
passing current in one direction, and the other 
of which contains a rectifier for passing: current 
in the opposite direction, of a third and at fourth 
branch, one of which contains a rectifier fog 
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passing current in said one direction and the 
other of which contains a fixed resistance and a 
rectifier in series thereWith for passing current, 
in said opposite direction, a source of alternating 
current for energizing the circuit, means for de 
tecting any direct current component in the cir 
cuit as caused by changes in the variable resist 
ance, and independent means for measurably 
changing the relative resistance of the third and 
fourth branches to eliminate said component. 

7. In a device of the class described, the com 
bination with a loop consisting of a waiiable re 
sistance and two rectifiers of the same polarity 
in series, of a Second loop consisting of a Second 
variable resistance, a third rectifier and a fourth 
rectifier of the same polarity in series, a third 
loop consisting of a third variable resistance, a 
fifth rectifier and a sixth rectifier of the same 
polarity in series, a fourth loop consisting of a 
fixed resistance, a seventh rectifier and an eighth 
rectifier in series, a common connection for a 
point between the variable resistance and One 
of the rectifiers of the first loop, a point between 
the variable resistance and One of the rectifiers 
of the second loop, and a point between the 
variable resistance and one of the rectifiers of 
the third loop, a multiple connecting means for 
connecting a point between the two rectifiers of 
the fourth loop with any one of the points be 
tween the rectifiers of the first, Second, or third 
loops, a source of alternating current in Series 
with the point between the two rectifiers of the 
fourth loop and the multiple connecting means, 
a second resistance in the fourth loop located 
between the fixed resistance and one of the rec 
tifiers, a contact slidably mounted thereon, con 
necting means between said common connection 
and the sliding contact, said connecting means 
including means for detecting a unidirectional 
component caused by a difference in the average 
values of the current components of opposite 
polarity flowing in said connecting means, means 
for reducing said difference to zero, Said reduc 
ing means consisting of means for measurably 
moving the slidable contact along the Second re 
sistance to change the relative resistance of that 
part of the fourth loop which includes the fixed 
resistance and one of the rectifiers of said loop 
with respect to the resistance of that part of 
said loop which includes the other rectifier. 

8. The combination with a circuit which in 
cludes a temperature responsive resistance and 
rectifying means for passing current in One di 
rection only, of a second circuit which includes 
fixed resistance and rectifying means for paSSr. 

ing current in the opposite direction. Only, a con 
mon source of alternating current for energizing 
both of said circuits, means in Series with the 
source for detecting a direct current component 
resulting from changes in the relative value of 
the temperature-responsive resistance With re 
spect to the fixed resistance, and means for 
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10 
measurably changing the relative resistance of 
the two circuits to eliminate any direct current 
component. 

9. The method of measuring the resistance of 
an electric circuit element in relation to a circuit 
element of known resistance, which comprises 
dividing an alternating current into two pulsat 
ing components of opposite polarities, passing 
One of said components through each of said 
circuit elements, combining said components to 
produce an alternating current containing a uni 
directional component caused by a difference in 
the resistance of the circuit elements, effecting 
adjustment of the relative amplitudes of said 
pulsating components to reduce to zero any uni 
directional component of said alternating cur 
rent and determining the extent of Said adjust 
ment. 

10. In a device of the class described, the com 
bination. With a plurality of closed loops each 
comprising a variable resistance and a pair of 
rectifiers of the same polarity in Series, and each 
Of Said loops having a first tap between the 
Variable resistance and One rectifier and a second 
tap between the two rectifiers of each pair, of a 
further loop comprising in Series a fixed resist 
ance, a Voltage dividing resistance having a con 
tact slidably engaging same, two rectifiers of 
similar polarity included in series about said 
last-named loop, a third tap between the two 
rectifiers, a source of alternating current having 
two terminals One of which is connected to said 
third tap and the other to the common terminal 
of a Selective SWitch whereby said third tap may 
be connected with any one of the Second taps of 
Said plurality of loops, interconnecting means 
between all the first taps of said plurality of 
closed loopS, a connection between said inter 
connecting means and the slidable contact, said 
connection including detecting means responsive 
to a unidirectional component of the current 
flowing therein, and means for measurably mov. 
ing the slidable contact along said voltage divid 
ing resistance to eliminate any unidirectional cur 
rent as caused by changes in the variable resist 
ance of whichever of the plurality of loops is 
connected by means of said selective Switch. 
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